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Purpose 
The prediction of functional consequences after treatment of large oral cavity tumours is 
mainly based on the size and location of the tumour [1]. However, patient specific factors play 
an important role in the functional outcome, making the current predictions unreliable and 
subjective. An objective prediction is necessary for better patient-oriented care, where the 
choice between surgery or chemo- and radiotherapy could be made according to more reliable 
measures. In this project, work is being performed to create a tool to obtain this objective 
prediction. The aim is to develop a virtual biomechanical patient-specific model of the oral 
cavity for virtual surgery.  By adjusting the model, so as to mimic the performed surgery, an 
accurate preoperative assessment of the postoperative functional consequences can be made 
for each individual patient. 
 
Methods 
One part of the virtual model would be a dynamic biomechanical tongue model. The model is 
based on the Finite Element method. This method gives the opportunity to make adjustments 
based on the virtual treatment, like removing tissue or stiffening elements to mimic scarring 
effects. The tongue geometry is segmented from a MRI scan and divided in 480 elements. The 
muscle anatomy is implemented according to literature descriptions (Fig. 1) [2].  
Tongue movements and deformations, caused by manual selected muscle activation patterns, 
are analysed, as is the tongue volume which is measured, during the movement. The tongue is 
assumed to be incompressible, where it is a muscular hydrostat [3]. 
Also markers were fixated on the tongue of a healthy subject. With a stereo-camera setup the 
tongue was filmed and the markers were tracked in the 3-dimensional space. The 3-
dimensional coordinate system of the camera setup is co-registered to the coordinate system 
of the virtual tongue model. Next, a simplex solver is used to estimate the muscle activation 
patterns such that the 3D positions of the markers in the virtual tongue model matches the 3D 
positions of the observed markers in the video. 
 
Results 
In the developed tongue model, the resulting movement after activation of individual muscles 
is as expected and described in literature. Though, volume changes are measured in individual 
elements, where elements that became smaller, decreased on average 74% (SD=32.5%) in 
size, and elements that became larger, became 129% (SD=29.7%) of there original size. The 
total volume changed less, with an average of 103% (SD=4.6%). 
The tongue model followed the measured markers in the 3-dimensional space quite 
accurately. Left and right movements and protruding and retracting the tongue could all be 
mimicked (Fig. 2).   
 
Conclusion 
The model should be developed further, and it does show options for implementing it in a 
virtual model of the oral cavity in a further stage of the research. Future work will focus on 
implementation of anatomical structures, such as the localisation of muscle fiber tracks and 
the nervus hypoglossus in the tongue. An automatic segmentation algorithm for the tongue is 
under development to make the creation of patient specific models easier and faster. This 
enables the minimization of the elements, of which the model is composed. Smaller elements 
would induce more accurate calculations. Another aspect, which will be investigated for this 
project, is electromyographic measurements of the tongue. Mathematical solvers have the 
problem that there is no unique solution to mimic the filmed tongue movement. Several 
different muscle activation patterns could lead to the same movement. When 
electromyographic information is known, at least for some muscles, it could be possible to 
find the patient specific activation pattern for several functional important movements. 
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Fig. 1. The Finite Element tongue model including the implemented muscles 
 
 
Fig. 2. The Finite Element tongue model with the reconstructed 3D locations of the markers 
(left), one frame of each camera capturing the tongue covered with a bandage containing 
several colored markers (right) 
